ABSTRACT Background: Knowledge of the normal anatomy and the possible variations of the scapula are beneficial in early diagnosis and proper management of shoulder disorders to evade its disabling complications as well as to avoid injury of the important neurovascular structures around the scapula. Aim of work: To estimate the prevalence of the anatomical variations of the scapula and their clinical implications and to calculate the acromion index and acromio-humeral interval; which could be helpful in the management of rotator cuff diseases. Material and Methods: One hundred dried scapulae were studied for morphological and morphometric variations. A radiological study was done by calculating both acromion index and acromio humeral interval in one hundred radiographs. Results: Four types of acromion were observed: type-1(flat), type-2(curved), type-3 (hooked) and type-4 (convex downwards). Four shapes of acromion were identified: cobra-head, triangular, rectangular and square. Acromion thickness ranged from 5 to 11mm.Acromion length ranged from 24 to 65mm.Acromion width ranged from 18 to 40mm.Acromio-glenoid distance (AGD) ranged from 20 to 40mm.Acromio-coracoid distance ranged from 22 to 68mm. Suprascapular notch shapes included U-shaped, V-shaped, J-shaped and W-shaped notch that was encountered for the first time in literature. Suprascapular notch types were: type-1 (absent notch), type-2 (wide and shallow notch), type-3 (narrow and deep notch), type-4 (a bony foramen) and Type-5 (a notch is present above a bony foramen). Anatomical variations causing snapping scapula were lushka tubercle and teres major process. Acromion index (AI) ranged from 0.63 to 0.71. Acromio-humeral interval (AHI) ranged from 7 to 14mm.
INTRODUCTION
The scapula is an integral part of the connection between the upper extremity and the axial skeleton (Gupta et al., 2015) . Anatomical variations of the scapula have been studied among different populations (Kharay et al., 2016) , including the acromion process, coracoid process and suprascapular region, in addition to its borders and angles (Singh et al., 2013) .
Different shapes of the acromion process have been described in literature including cobra-head (tubular) which is the commonest shape among Turkish (31%) (Coskun et al., 2006) , quadrangular that is prevalent in Nepalese (52.94%) (Mansur et al., 2012) . While the triangular widest acromion is the prevailing shape among Egyptians (53.12%) (Nasr El Din and Ali, 2015) . Bigliani et al. (1991) classified the acromion into to 3 types: type1 (flat), type2 (curved) and type3 (hooked), the incidence of each acromion type varied widely among different populations. Aragao et al. (2014) reported a significant relationship between hooked acromion and rotator cuff tears (RCT). He added that Individuals having hooked acromion have more propensities towards subacromial impingement (SAIS) than those having other types; this is because of subacromial stenosis. Acromion variation should be considered by orthopaedicians, since it influences the technique and instrumentation plan in open or arthroscopic surgical procedures (Adolfsson, 2015) .
The suprascapular notch (SSN) is one of the highly variable and clinically important parts of the scapula (Fatima et al., 2015) . In the hierarchy of the possible etiologic factors for suprascapular nerve entrapment syndrome (SNES), the anatomical variations of the SSN and the overlying superior transverse suprascapular ligament (STSL) are considered the leading and most common cause.For this reason, researchers had paid more attention to SSN and proposed different classifications that describe its variations (Zahid et al., 2014) .
One of the most cited classifications is that of Natsis et al. (2007) that distinguished five types of the SSN. The first type lacks a discrete notch, the second presents a wide notch, the third presents a deep notch, the fourth type in which the STSL is ossified and the notch is converted to bony foramen and the fifth type in which the scapula has a notch above a bony foramen. There is a strong correlation between the suprascapular neuropathy and the ossified STSL (Piasecki et al., 2009) . Iqbal et al. (2010) introduced a morphological classification for the SSN which includes three shapes U, J and V shaped notches. U-shaped notch has the highest frequency among Egyptians (76.27%) (Mahdy and Shehab, 2013) , J-shaped is the most prevailing shape among Indians (43.26%) and V-shaped notch which is commonly encountered among Pakistanians (20%) (Iqbal et al., 2010) . Wang et al. (2011) had observed that in patients with suprascapular neuropathy, the nerve is usually compressed and is introduced to repetitive friction which causes injury to the nerve, the latter is usually caused by small sized V-shaped notch, narrow or absent notch as well as notches with ossified STSL (Akhtar and Madhukar, 2014) .
The anterior coracoscapular ligament (ACSL) is a recent anatomical finding which has been reported as the newest potential risk factor for SNES (Podgórski et al., 2015) . its presence divides the narrow SSN into narrower two or even three compartments, if it was bifid. Moreover, the suprascapular vessels may have a variable course and pass under the STSL in the SSN together with the nerve, aggravating the nerve compression (Gürses et al., 2015) which could be complicated by irreversible muscle paralysis (Himabindu et al., 2013) .
Snapping scapula syndrome could be caused by hooking of the superomedial scapular luschka tubercle, teres major process and the presence of concave medial scapular border (Totlis et al., 2014) . Snapping scapula syndrome is a largely under-recognized disorder of the scapulothoracic joint, characterized by palpable, audible and sometimes painful crepitus. It has been described by other names including washboard syndrome, scapulothoracic bursitis, scapulothoracic crepitus and scapulocostal syndrome (Totlis et al., 2014) . Orthopedic surgeons must bear this disorder in mind so as not to be overlooked and to be properly managed. Careful assessment of those patients is extremely important because if there is a bony factor, conservative management usually fails and permanent cure is achieved surgically through partial scapulectomy (Freche et al., 2015) .
Acromion index and acromiohumeral interval are two highly reliable radiological tools used in diagnosis and surgical decision making concerning cases of advanced rotator cuff tear (Aydingöz et al., 2014) . However the studies that describe their normal ranges in literature are scarce.
MATERIAL AND METHODS

1-Material
A) Dry Bone Study
One hundred dried scapulae (60 left and 40 right) were studied for their different morphological and morphometric variations. The specimens were obtained from the Anatomy Department, Faculty of Medicine, Cairo University.
B) Radiographic Study
Shoulder radiographs A/P view of one hundred persons; 60 males (30right and 30 left) and 40 females (25right and 15 left) were used in this study. The radiographs were obtained from accredited private radiology centers.
2-Methods
A) Dry Bone Study:
Morphological Parameters:
1.
Morphological variations of the acromion process:
• Type according to the slope of its undersurface (profile view); flat (type-1), curved (type-2), hooked (type-3) and convex downwards (type-4) (Bigliani et al. 1991 ).
• Shape (top view): tubular (Cobra-head) shape in which the acromion is elongated (AL > AW) and its tip is rounded or tapered on both sides, triangular where the acromion medial and lateral borders are converging with narrow tip and wide base, rectangular in which the acromion is elongated (AL>AW) with parallel medial and lateral borders and its tip is flattened, and square where the acromion medial and lateral borders are parallel (Mansur et al., 2012) .
• Appearance of its undersurface whether smooth or rough.
• Thickness whether thick or thin.
Morphological variations of the suprascapular notch (SSN):
• Five types of the SSN following the classification of Natsis et al. (2007) : type-1: Absent notch, type-2: wide notch type-3: deep notch type-4: bony foramen (completely ossified STSL). Type-5: a notch above a bony foramen.
• Three shapes of the SSN (U, V and J) as described by Iqbal et al. (2010) .
3.
Anatomical variations causing snapping scapula:
• Existence of lushka tubercle (Totlis et al., 2014) .
• Presence of a teres major process (Totlis et al., 2014) .
• Shape of the medial border: convex, straight or concave (Totlis et al., 2014) .
Morphometric Parameters:
•
Acromion length (AL):
The distance between the tip of the acromion and the midpoint of its posterior border (Gupta et al., 2015) .
Acromion width (AW):
The distance between the midpoints of the medial and lateral borders of the acromion (Gupta et al., 2015) .
• Acromio-glenoid distance (AGD): The distance between the tip of acromion and supraglenoid tubercle (Mansur et al., 2012) .
Acromio-coracoid distance (ACD):
The distance between the tip of acromion and tip of the coracoid process (Mansur et al., 2012) • Acromion thickness: measured 1cm posterior to the anterior border and 1cm medial to the lateral border (Nasr El Din and Ali, 2015) .
Angulation of the medial border:
The angle between the supraspinous and infraspinous portions of the medial border in the sagittal plane measured using a metal protractor (Totlis et al., 2014) • All measurements were done twice and the mean was recorded to decrease the bias errors. Distances were estimated by using sliding Vernier caliper and measuring tape, recorded in millimeters (mm). Photographs were taken by digital camera SONY, Cyber-shot, 16.1 megapixels, Carl Zeiss lens.
B) Radiographic Study (Figs I and II):
• Radiographs were taken with the subject standing and the arm in neutral position.
• Two parameters were calculated on conventional shoulder X-rays A/P view.
• Radi-Ant DICOM viewer, a program for radiographs analysis and measurement was applied to calculate the indices.
1. Acromion Index (AI) : calculated from the equation: AI = GA/GH (Gu and Yu, 2013) 2. Acromio-humeral Interval (AHI):The least distance between the undersurface of the acromion and the upper surface of the head of humerus (Gu and Yu, 2013) 
C) Statistical Analysis:
Data was analyzed using IBM SPSS advanced statistics version 21 (SPSS Inc., Chicago, IL). For quantitative data, comparison between two dependent groups was done using student paired t-test.Chi square test (X 2 ) was applied for the qualitative data to obtain the frequencies of the morphological variations on both sides.
Pearson correlation was done to correlate between the following parameters: • Acromion length and acromio-glenoid distance.
• Acromion length and acromio-coracoid distance.
• Acromion width and acromio-glenoid distance.
• Acromion width and acromio-coracoid distance.
• Acromio-glenoid distance and acromiocoracoid distance.
Correlation was considered significant at p-value < 0.05 and highly significant at p-value < 0.01.
RESULTS
A) Dry bone study
1) The acromion process a. Acromion type: four types of acromion were observed: type-1(flat) (Fig. 1a) constituted 34% of the total number, type-2 (curved) (Fig.1b) constituted 52% of the total, Type-3 (hooked) (Fig.1c ) that was observed in 13% of the studied bones Type-4 (convex downwards) ( Fig. 1d ) and was observed in only one left sided scapula (1%). b. Acromion shape: four shapes were identified Tubular ( Fig. 2a) was observed in 44% of the total number, triangular ( Fig. 2b ) was seen in 27% (15% of the left side and 12% of the right. Rectangular (Fig.2c ) and this shape constituted 21% (14% of the left side and 7% of the right). Square shape (Fig. 2d ) was observed in 8% (6% of the left side and 2% of the right.
c. Acromion undersurface appearance: 84% of had smooth undersurface (Fig. 3a) , and 16% had rough undersurface with osteophytes formation (Fig. 3b ).
d. Acromion thickness: ranged from 5 to 11mm. 57% of the studied specimens were thick (≥7mm), and 43% were thin (˂7 mm (Table 1 ).
e. Acromion length (AL): ranged from 24 to 65mm (Table 1 and Fig.4 ).
f.
Acromion width (AW): ranged from 18 to 40mm (Table 1 and Fig.4 ).
g. Acromio-glenoid distance (AGD):
ranged from 20 to 40mm (Table 1 and Fig.4 ).
h. Acromio-coracoid distance (ACD): ranged from 22 to 68mm (Table 1 and Fig.4) The correlation between the acromion length and each of the acromion width, acromio-glenoid distance and acromio-coracoid distance, acromion width and each of the acromio-glenoid distance and acromio-coracoid distance, as well as between the acromio-glenoid distance and acromio-coracoid distance was done using pearson rank correlation and is represented in (Table 2 and Figs. 5 and 6).
2) The suprascapular notch (SSN) a) Suprascapular notch type (Table 3):
Type-1 (Fig. 7a) constituted 10% of the total number 24% of the left side and 15% of the right, type-2 (Fig. 7b) was found in 39%, type-3 (Fig.  7c) was present in 43%,Type-4 (Fig. 7d) was seen in 5% and Type-5 (Fig. 7e) was encountered in 3% of the studied bones.
b) Suprascapular notch shape (Table 3):
U-shaped notch (Fig.8a ) which was found in 41.1 , V-shaped notch (Fig. 8b) , that was found in 30.5% (n=26) of the total number: 18.8% J-shaped notch (Fig. 8c ) that was found in 27.1%, W-shaped notch (Fig. 8d ) and this shape was encountered for the first time, it has not been described before in literature, it is a composite of two compartments beside each other, it was found in only one right sided scapula (1.1%).
c) Pattern of ossification of the STSL (Table 4):
Absent ossification (Figs. 7b, 7C , 8b and 8c) in 54%, Partial ossification: was observed in 41%, this group was further subdivided according to the site of ossification into Partial ossification of one edge: in 17% (Fig. 8e) , partial ossification of both edges: in 12% (Fig. 8f) , complete ossification: 5% showed a bony foramen (3% on the left side and 2% on the right) (figs. 7D and 8h). Additionally, one right sided scapula was encountered showing partial ossification of the anterior coraco-scapular ligament in a V shaped notch, without ossification of the STSL (Fig. 8g) .
3) Anatomical variations causing snapping scapula:
a) Lushka tubercle in the supero-medial angle (Table 5 and fig. 9a ). b) Teres major process (Fig. 10a) in the inferior portion of the lateral border was present in 40%; it showed forward curvature towards the chest wall in 50% of the scapulae possessing the teres major process (Table 5 ). Angulation of the medial border: ranged from 115˚ to 170˚ (Fig. 11) and Shapes of the medial border are (Fig. 12) : convex in 59% , Straight: in 30%, and Concave: in 11%.
The correlation between Lushka tubercle and angulation of the medial border was done using pearson correlation and represented in (Table 6 ).
B) Radiographic Study (table 7):
1. Acromion index (AI) ranged from 0.65 to 0.68 (p-value < 0.07) of both sexes (p-value <0.09).
2. Acromio-humeral interval (AHI) ranged from 7 to 14mm. AHI was 10.13 ± 2.11mm in males, while it was 11.21 ± 2.19mm in females. 
DISCUSSION
The scapula in the present work exhibited numerous forms of variation regarding the acromion process, suprascapular region, superomedial angle as well as the medial and lateral borders.
In this work four different shapes of the acromion were identified; tubular (cobrahead), triangular, rectangular and square with frequencies of 44%, 27%, 21% and 8% respectively. This differs from earlier studies by Mansur et al., (2012) , Gupta et al., (2015) and Nasr El Din and Ali (2015) among Nepalese, Indian and Egyptian populations respectively, where the most frequent shape was the rectangular while the least was the tubular.
Regarding the types of acromion, type-2 acromion was the most frequent (56%), followed by type-1 (34%) then type-3 (13%). These percentages agree with those reported by Coskun et al., (2006) , Paraskevas et al., (2008) , Collipal et al., (2010) and Nasr El Din and Ali, (2015) among Turkish, Greeks, Chillians and Egyptians, respectively. On the other hand, Gupta et al. (2015) reported type-3 as the most frequent among Indians.
One left sided scapula was encountered in the present study possessing a convex acromion; an unusual form which is rarely described in previous studies; Vanarthos and Monu (1995) added this form to the standard classification as type-4 acromion.
Most of the studied acromion in the present study had smooth undersurface 84%, while 16% ; 14 were hooked and 2 were curved. This emphasizes the strong correlation between the increased curvature of the acromion and the increased liability for development of degenerative changes (Paraskevas et al., 2008) . Ogawa et al. (2005) assumed that osteophytes develop in cases of chronic impingement as a degenerative process and once formed; they continue to deteriorate the condition, while Vähäkari et al. (2010) claimed that the primary morphology of the acromion is genetically controlled and does not change with age.
The acromion thickness in the present work goes hand in hand with those obtained by Nasr El Din and Ali (2015) , but is much higher than those of Paraskevas et al. (2008) , Singh et al. (2013) and Gupta et al. (2015) . Accordingly, the acromion of Egyptian scapulae seems to be thicker than those of other populations, this may be attributed to the ethnic origin.
The current mean values of the AGD and ACD agree with those of Nepalese population (Mansur et al., 2012) , but it is much higher than those of Indians (Gupta et al., 2015) . Nevertheless, similar to previous studies, no significant side difference was detected.
In the present study, a highly significant correlation was detected between acromion length and width on one hand and acromioglenoid and acromio-coracoid distance on the other. Consequently, the size of the subacromial space and the coracoacromial arch are greatly influenced by the dimensions of the acromion. Up to our knowledge these correlations were not reported before in the available literature.
In the present study morphological classification of the SSN was done following Iqbal et al. (2010) , it comprises three different shapes; U, V and J, their frequencies vary among different populations (Table 8) .
There is a consensus that the chance of SN entrapment in V-shaped notches is higher than that in other shapes, since it has smaller surface area, higher percentage of associated partial ossification of STSL and converging sharp borders (Nagaraj et al, 2014) . A unique shape not previously reported was encountered in this study which is a W-shaped SSN.
In the present work, five types of notches were determined, type-1 SSN was found in 10%, which is close to results of Natsis et al., (2007) (8.3%) and Iqbal et al. (2011) (10%) among Germans and Pakistanians, respectively. However, Sinkeet et al. (2010) ; Wang et al. (2011) and Nagaraj et al. (2014) reported much higher values; (24%), (28%) and (23%) among Kenyans, Chinese and Indians, respectively. This type is one of the potential causes of SN entrapment (Akhtar and Madhukar, 2014) .
In the present study, type-2 SSN (39%), and Type-3 SSN (43%), were the most prevalent types, this come in accordance with Natsis et al. (2007) and Alagwany et al. (2014) , Type-4 SSN (5%) is a foramen that results of complete ossification of the overlying STSL. The incidence of bony foramina varies widely among different populations (Table 9 ).
In the present study, type-5 SSN found in 3% of bones; a higher result than of all previous studies. Few authors have reported it; Natsis et al. (2007) found it in 0.7%, Sinkeet et al. (2010) , Vasudha et al., (2013 ), Saritha, (2014 and Jangde et al., (2015) all reported it in 1% of bones.
In the present study, different patterns of ossification of STSL have been observed. Moreover, there was an obvious variability among the length and thickness of the ossified ligament. Saritha, (2014) estimated the reduction in the area of the notch below an ossified STSL to be 36-39% of its size, thus the presence of ossified STSL is reasonable to be considered a sign of suprascapular entrapment.
The tendency of the STSL to ossify may be attributed to the fibrocartilagenous character of the ligament, response to mechanical load or genetic basis. Furthermore, the presence of ossified ligaments poses a challenge during arthroscopic procedures in this narrow surgical field, and have to be resected to ensure adequate nerve decompression (Gopal et al., 2015) .
In the present study, the measurement of the angle of the medial border subtended at the root of the spine of scapula is quite close to that obtained by Oizumi et al. (2004) ; Lehtinen et al. (2005) and Aggarwal et al. (2011) in Hong Kong, Germany and India, respectively, whereas it is less than the results of Totlis et al. (2014) in France, by about 15˚ for both sides, this difference may be attributed to the different races, techniques and tools used for measurement.
According to (Lehtinen et al., 2005) , medial border angulation <130˚ is considered a diagnostic sign of snapping that needs a radical resection of the superomedial angle to decompress the scapulothoracic space. The triggering points (hot spots) in the scapula inducing this disorder are localized mainly in the superomedial angle, inferior angle and the medial border, which are the sites of pain presented by the patients (Warth et al., 2015) . Lushka tubercle and teres major process were reported in few studies in literature, in the current work they were observed in 42% and 40% of the studied bones respectively, which are much higher than the results of Totlis et al. (2014) who reported them in 3% and 43% of their sample. This denotes that they are common anatomical variation and not rare as it was previously thought. The negative correlation deduced in the current study between the degree of angulation of the medial border and Lushka tubercle, reveals that with more hooking, there is higher incidence of formation of Lushka tubercle, thus, chronic friction with the thoracic cage may have a role in Lushka tubercle formation. Up to our knowledge this correlation has not been discussed before.
Teres major process projecting towards the thoracic cage, in addition to its lateral projection, was found to be much higher than all previous studies, while the incidence of the concave type was 11%, which matches with earlier results reported by Kuhne et al. (2009) and Totlis et al. (2014) who found the concave type in 9% and 11.4% among Americans and French, respectively.
In the present work, the AI of the normal shoulders was calculated for both sexes on both sides, it was higher than that was previously deduced by Torrens et al. (2007) among Spanish population, the higher value of the AI may justify the high probability of developing subacromial impingement and consequently rotator cuff pathology among Egyptian population.
CONCLUSION
Computed In the current study, the mean value of AHD was near to that obtained by Goutallier et al. (2011) among French population. Unlike the previous studies, gender and side differences were taken into consideration in this study. AHD was much lower in males than in females, that was statistically significant, adding to that, AHD was significantly lower on the right than on the left side; this may be attributed to the influence of hand dominance and workloads, muscular activities and effort exerted by the respective shoulder.
On comparing the measurements of AHD obtained from the conventional radiographs and MRI, there was no significant difference in results of both methods, with a proved good inter and intra-observer reliability on using radiographs (Goutallier et al., 2011) . 
